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PREFACE

The Department of Interior has nearly completed negotiations with Bethlehem Steel Corporation
t0 acquire property that contains various historic sites and artifacts. Among the historic sites is
Staple Bend Tunnel, Allegheny Portage Railroad National Historic Site, located in Cambria
County, Pennsylvania. Sellards & Grigg, Inc., and it's team were retained by the National Park
Service to evaluate Staple Bend Tunnel. The specific focus of the evaluation is what would be
needed to be able to open Staple Bend Tunnel to the general public as a resource with histori-
cal importance.

The Sellards & Grigg, Inc., team included:

Sellards & Grigg, Inc., Lakewood, Colorado | Civil/Structural

- GEIl Consultants, Inc., Winchester, Mass. Geotechnical
Semple Brown Roberts, P.C., Denver, Colorado Historical Architect
The EADS Group, Altoona, Pennsylvania Surveyors

The National Park Service has had others prepare specific reports related to other aspects of
Staple Bend Tunnel. These include a historical documentation of the tunnel also entitled "His-
toric Structure Report, July, 1990, prepared by A. Berle Clemenson, historian for the National
Park Service, and a Management Report entitled, "Archeological Monitoring of Geotechnical
Tests at Staple Bend Tunnel”, February, 1991, prepared by the firm of Louis Berger & Associ-
ates, Inc., East Orange, New Jersey. These documents are included in this final Historic Struc-
ture Report as Attachments | and lll, respectively.

Sellards & Grigg, Inc., wants to thank all those who have made a contribution to this report.

Thomas A. Young, P.E.
Project Manager for Sellards & Grigg, Inc.
Pennsylvania License No. PE-040262-R
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EXECUTIVE SUMMARY

The tunnel is generally sound from a geologlcal and structural viewpoint and can be
accessible for visitation after corrective action is completed.

2. The concrete lining at the east portal provides structural support for the deformed east
stone arch and should remain.

3. The east entry had a stone entry facade similar to (if not exactly like) the historic west
facade.

4. Poor drainage and extensive vegetation are the main causes of deterioration to the

tunnel and entries and must be addressed.

5.  Historic stone retaining walls must be stabilized and enlarged and new retaining walls
must be added to control erosion and structural stability.

6. A new retaining wall should be installed at and around the east entry arch to stabilize the
historic arch and surrounding grade.

7. Solid infill panels or doors should be provided at each entry to weatherize the tunnel
during periods of cold weather.

8. The stone lining is generally stable and needs only repointing.

0. The rock lining must be reviewed for loose, unstable material and be either removed,
anchored in place or supported.




. ADMINISTRATIVE DATA

A. Administrative Background
The Staple Bend Tunnel is a remote unit administered by Allegheny Portage
National Historic Site in accordance with a cooperative agreement with Bethlehem Steel. Staple
Bend Tunnel is presently owned by the Bethlehem Steel Corporation. National Park Service

ownership is presently being negotiated.

The Draft General Management and Development Plan (January 1977) indicated
several concerns about the site; extensive strip mining in the area may have damaged the
environment; Japanese Bamboo, planted by Bethlehem Steel to reclaim damaged areas, is
growing rampantly, and the Staple Bend unit faces the Cambria slag dump. Despite these
concerns, the General Management Plan supported the idea that the Park Service should
acquire the site. Primary interpretive emphasis would be the tunnel’s significance in develop-
ment of the nations railroads. Secondary emphasis would be its role as part of the Pennsylva-
nia Canal. The General Management Plan recommended that a "Third part deed rights-of-way"”
for the trace of the railroad be acquired so historic scene restoration can be accomplished.

Access to and tours through the tunnel were not discussed in the GMP nor was
the extent of restoration.

The Staple Bend Tunnel is not included in the List of Classified Structures at this
time and has not been nominated yet for National Register Status. Nomination to the National
Register of Historic Places is being coordinated with the State Historic Preservation Office and
will be withheld until National Park Service ownership is secured.

B. Proposed Use
The actual use has not been determined at this time; however, the proposed use is

to be as an interpretive tool complimentary to the Visitor Center presentation. Access for visita-
tion will be limited and possibly restricted to guided tours.

The tunnel will be closed to access and viewing inside the tunnel during the off
season. (Season to be determined by the Park Superintendent.)

The tunnel will be accessible, but protected by a restrictive gate, during the
summer. The gate shall be open to allow viewing, but restrictive enough to prevent access for

both humans and wildlife.



Il HISTORICAL BACKGROUND
The Allegheny Portage Railroad was constructed between 1831 and 1834 as part of a

394-mile transportation route between Philadelphia and Pittsburgh, Pennsylvania. In 1824, the

Pennsylvania State Legislature enacted a mainline canal bill that authorized a Board of Canal

Commissioners to design and construct canal systems across the state (Clemenson 1990:2).

The 36-mile railroad section was established to traverse the Allegheny Mountains in western

Eennsylvania, thereby connecting canal systems that terminated in Johnstown and Hollidays-
urg.

Staple Bend Tunnel, located at a bend in the Little Conemaugh River immediately north
of the head of Plane 1, was the first railroad tunnel to operate in the United States. Excavated
through a 901-foot section of a promontory, the tunnel was completed following the removal of
14,900 cubic yards of bedrock. The total cost of tunnel construction amounted to $37,498.85.

 The Principal Engineer for the Allegheny Portage Railroad, Sylvester Welch, located the
proposed tunnel at the Staple Bend of the Little Conemaugh River and assigned it to Section 7:

"The tunnel is to be 900 feet long. its transverse section to equal a prism 16 x 20
teet. The width at the bottom to be 20 feet. At the ends of the tunnel, some masonry will be
required, but appearances indicate that the rock is sufficiently hard and strong within not to

require arching.” (Clemenson 1990:5)

The form of the roof or top of the vault will be determined by the character of the rock.
The hill at the summit is 195.77 feet above the floor of the tunnel or grade of the road.

The contract to construction Section 7 was awarded to J and E Appleton on 25 May
1831. Tunnel excavation was completed in April 1833. The tunnel, with entry facades, was

completed in June 1833.

The Portage Railroad opened in April 1834 and operated until Staple Bend Tunnel was
abandoned in December 1852.

In 1837, a lead pipe was laid through the tunnel to carry water. (Clemenson 1990:8)

Staple Bend Tunne! was sold to the Pennsylvania Railroad on 25 June 1857. The rails
were removed in 1858 and the tunnel was abandoned.

The American Pipe Line Company ran a water pipe through the tunnel around the turn of
the century and sealed each entrance with a concrete wall. In 1951, the Bethlehem Steel
Corporation laid a water pipe through the tunnel and modified the entry infill. At some point, a
concrete lining was placed inside the stone arch to stabilize the East Portal. This may have

occurred in 1951, but cannot be verified.

The Staple Bend Tunnel is presently closed off and used only as a water line easement
for Bethlehem Steel Corporation.



1. STATEMENT OF SIGNIFICANCE

The Staple Bend Tunnel represents a transportation and engineering accomplishment
during the infancy of America’s railroad development. The Staple Bend Tunnel is nationally
significant as the first railroad tunnel in the United States. The tunnel is significant also due to
the engineering skill displayed in the construction and design; it was only the third tunnel to be
“built in the United States.

Architecturally, the ornate entry portals were well designed and constructed. The
handsomely cut, carved and tooled masonry represents an excellent example of early industrial
architecture and craftsmanship.

Limited archeological investigation has occurred at the tunnel entries and inside the
tunnel. It appears that archeological significance may be limited due to the amount of disturb-
ance caused by previous water line construction.

The historic period is from 1833-1852, the period of actual use by the Allegheny Portage
Railroad.
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V. ARCHITECTURAL DATA SECTION

A. Existing Conditions
The Staple Bend Tunnel consists of three distinct elements: 1) the exposed rock
tunnel; 2) the dressed stone arch lining; and 3) the tooled stone entry facade, (See figure 1.)

The exposed rock tunnel was laboriously constructed through the rock strata by a
combination of hand drilling and explosives. The rock is exposed in the middle 600 foot portion
of the tunnel. The physical characteristics and geotechnical information of the rock formation
and exposed rock are discussed in Attachment I1.

The stone arch lining, 150 feet long at each end of the tunnel, provided a structural
transition from the tunnel entry points to stable rock.

The tooled stone entry facade served as a retaining wall for the earthen cover of
the stone lining, as well as a stately architectural portal.

Together with dry laid stone retaining walls, which prevented erosion of the tunnel
cover and retained existing slopes, the tunnel created a finely detailed entrance, set comfortably
into the Allegheny hillside.

1. Stone Arch Lining

The stone lining is a transitional structural element which extends inside the
tunnel 150 feet from the entry portals to the exposed stable rock. The stone arch is visible from
the exterior of the entry and created the horseshoe shape of the tunnel lining. The stone arch is
integral with the historic entry facade, but has structural capability of its own. The stone arch
creates the tunnel support of the earth above until the natural rock formation provides structural

support.

The arch is comprised of cut, beveled stones. The stones at the entry are of
two basic lengths in order to begin masonry quoining. The individual stones are categorized in

three basic shapes (See figure 2):
1. Trapezoidal shapes (voussiors)
2. Rectanguiar shapes (at base)
3. Flared shapes at bottom of arch

All stones are detailed with bevel edges and tooled on the bevels and front
faces. (See figure 3.)

The arch stones appear to have been set with mortar, although the exterior
joints are very narrow (1/8"+). Mortar does exist at many joints, both in the exterior face of the
arch and at the joints inside the tunnel. Some joints have a hard, cementitious mortar; some
joints are virtually all sand (probably due to the constant wet conditions of the tunnel); many
joints have no mortar visible at all. (This is true for many stones overhead as well.)

The stone arch is not tight to the inside rock face at the inside terminus of the
arch. Theretfore, there is a void space of unknown size between the arch stones and inside rock
face. Rubble stones were visible at several locations where keystones are missing. However, it
is not known if void spaces were filled with rubble or if loose rock has sloughed from the stone

face above.

The stones are dense and sound, and all appear to be in gobd condition and
capable of providing structural support. There is little or no evidence of cracking or deterioration
due to effects of climate or loading. |
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The size of the stones vary, but are generally 10" to 12" thick, 21" wide and up
to 3-5" long. The weight of individual stones (using 165 Ibs. per cubic foot) would be approxi-
mately 1000 Ibs. each. Typical interior joints are 1/2"+. -

Water weeps through the rock tunnel and collects in the joints of the stone
lining. Water was observed on several occasions to be dripping through the stone joints. The
stones and mortar are in a constant damp condition. The moisture has caused the loss of
monrtar in many joints and deteriorated the mortar in many other areas. The source of water is
probably not controllable, as is the build up of moisture above and within the stone lining joints.

The coursing of the stone lining, visible at both tunnel entries, is uniform in
width until a point well within the tunnel. At this point, six 6" wide tapered stones were placed to
complete the aggregate "keystone®. This detail is visible at the stone lining termination inside
the tunnel.

2. East Stone Lining

The east stone lining stands without benefit of the stone entry facade or
adequate retaining walls. As a result, many stones have been dislodged from their original
position. (See figure 4.)

The existing grade at this entry is well above the original grade. Approximate-
ly three stones are below grade at this time.

The earthen cover at this arch cannot be retained in its present condition, and
as a result, the cover is reduced to just a few inches at the center and to no earthen cover at the
south side wall. At this location, the arch stones are exposed to view, weather and deteriora-

tion. (See figure 5.)
3. West Stone Lining

The west stone lining survives intact and in good condition due to protection
from the extent entry facade. See Section 1I-B-2 for discussion of facade movement.

4. Entrance Facades

The cut stone entrance facades were the last element of the tunnel to be
completed in June 1833. The tunnel has been described as a "Roman Revival style with a low
relief lintel supported by Doric pilasters on each side.” (Clemenson 1990:9)

The cut stone was reported to be a local Allegheny sandstone on the HABS
drawings (undated).

Only the cut stone facade at the west end portal is extent. No historic photo-
graphs have been found which show the existence of the east portal.

Recent archeological excavation at the north side of the east arch has re-
vealed a portion of the north most doric column base. The dimensions from the stone arch
match the dimensions of the west facade. (See figure 6.) Based on this facade remnant, it is
very likely that the east facade was constructed similar, if not identical, to the west facade. (See
Attachment [ll for Archeological Report.) |

In order for the east facade to have been installed, extensive retainage would
have been required on the south side at the base of the hill.
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After the removal of the original cut stone facade, there was an 8'-7" gap
between the remaining stone arch and the dry laid retaining wall. This gap has continued to
inct:);)ease due to erosion of the dry laid retaining wall. Presently, this gap is partially filled with
rubble stone. -

5. Woest Facade

The west facade is nearly intact when compared to the historic photographs.
The craftsmanship, carving and tooling of the arch stones are evident in the dressed stone
facade. The facade stones are precisely cut and laid with thin (£1/8") mortar joints. The stones
are mdassive, especially the parapet stones, out of which the entire depth of the cornice was
carved.

| The front face of the facade was tooled to a smooth finish with both vertical
and horizontal grooved accents. The side stones were hammered to a pebbled finish with a
tooled, grooved edge band. The craftsmanship was excellent. The stones fit together tightly
and the simple, refined details create an exquisite classical facade which has endured, virtually
without maintenance, for 156 years.

The entry facade has the appearance of an architectural element. However, it
serves as a retaining wall for the earthen cover over the stone arch lining. it is an elegantly
detailed masonry retaining wall. It is nhot a complete structure which can be protected from
moisture intrusion. It must be treated as a masonry retaining wall which is subjected to an
ungon’;rollable source of moisture and the accompanying effects of freeze/thaw. (See figures 7
and 8.

Despite the harsh environment, the facade has survived without extensive
deterioration. The majority of the deterioration appears to be either manmade (broken cornice
stones and graffiti) or due to plant growth in and around stone joints.

Evidence of stone movement appears at the column stones (which are laid
vertically instead of horizontally as the rest of the facade). The two-piece columns have been
~ dislocated approximately 1" at both of the southern columns. The source of the movement is
not known, but may be attributed to freeze/thaw pressures, loads due to retainage or other
hidden conditions. Also, it is not known if the movement is a new or an historic condition. The
areas of movement should be monitored. (See Attachment li-B-2 for further discussion of the
stability of this facade.

Black staining is evident on the facade stone. Evidence of staining is visible
on the ¢. 1890 photos also.

Graffiti has been a problem for many years. Large painted letters are visible
in a 1910 photograph. A 1920 photograph reveals much more graffiti on columns and the cor-
nice frieze. The 1920 graffiti appears to be both painted and carved into the stone.

vandalism also appears to have been a problem. The broken stone cornice
appears to have been sheared off. The existing parapet stones are generally in sound, un-
cracked condition, except for the broken sections. Broken stones are first evident in 1890 (one
broken stone). By 1895, the stones were broken in six locations. By 1910, only 5 stones at the
parapet are not substantially broken.

Plant growth has consumed the west facade. Woody growth is prevalent at
joints in the back and top of the parapet, on top of the columns and at many other joint loca-
tions. The plant growth creates deterioration by root growth, deterioration of mortar, movement
of stones and water retainage and provides new sources of moisture infiltration.
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Present grade at the stone arch is covering up nearly three arch stones.
Tﬁese stones are the flared type according to an 1890 photograph and help to create the horse-
shoe shape.

Remnants of the dry-laid retaining walls are extant. However, they have failed
extensively. The height of the original south retaining wall can be estimated by analysis of
historic photograph #6. This nearly front-on view provides a good perspective to compare its
relative height. The south retaining wall was approximately equal to the top of the stone arch.
The wall was dry-laid in a very regular pattern with stones of uniform thickness.

A retaining wall on the north can only be seen in a ¢. 1910 photograph (photo
#10). This photograph shows a wall much lower than the south wall, but of similar construction.
it is not known if this wall is original since an 1895 photo (historic photo #7) shows a portion of
the north column base to be partially covered. This same photo shows the south retaining wall
as it intersects the facade south elevation. The retaining wall angles outward at the top of the
wall.

B. Structural Stability
The following sections discuss the manmade structural elements of Staple Bend

Tunnel. These include the dressed stone lining, the west end facade, the concrete lined portion
of the east end and the dry laid retaining walls. All of these elements except the concrete lining
were part of the initial construction done in the 1830’s. The structural analyses pertain to condi-
tions as observed and determined in the field investigation made in August, 1990.

1. Dressed Stone Tunnel Lining

The dressed stone tunnel lining begins at the facade at each end of the tunnel and
extends into the tunnel for a distance of approximately 150 feet. The symmetrical shape at the
west portal was used in establishing a model to calculate stresses on the stone lining within the
tunnel. The computer results of the calculations are contained in Attachment IV. Loading dia-
grams illustrating how the load was placed and the results are also contained with the computer
calculations. The basic structure was always assumed to be uniformly loaded except in one
case that was run on the computer to look at the stresses with an unbalanced load. This was
done primarily {0 see what field conditions would have had to exist to cause the lateral rotation
of the tunnel lining at the east portal.

For the sake of this analysis the length of the lining stones was not a factor. The
analysis was based on a one foot incremental length of tunnel. With the tunnel liner blocks
interlocked, there will be some load transfer between adjacent liner stones but primarily the
tunnel liner will function as a ring structure. The crown of the tunnel liner will pick up the vertical
load component from the weight of the soil backfill covering the arch and the horizontal load
component from the "equivalent fluid" load of the soil backfill along the sides transmitting them
axially through the adjacent stones of the liner. The shape of the liner may be described as a
horseshoe shape. The sidewalls will transmit the load down into the bedrock and pick up any
lateral load from either the soil near the outside ends of the tunnel or the rock chinked backfill
within the excavated rock portion of the lined tunnel. The structure is not generally capable of
transmitting significant flexural moments in the structure because the joints, in particular, do not
have the capability of transmitting tension stresses. Small moments are accounted for by the
center of the resultant force passing through the individual blocks being offset from the centroid
of the block.

The stone lining was treated as a uniform, symmetrically shaped tunnel with the
crown forming a pertect circle. The cross section at the west end is the only location where this
uniform cross section was measured. At other locations, the shape of the tunnel lining was
found to be fairly uniform in curvature and this idealized analysis is felt to be sufficiently accu-
rate to indicate the type of reactions taking piace within the tunnel in the lining.
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The loading conditions analyzed include the stone lining with no soil load whatso-
ever on it. The remaining loading conditions assumed uniform loading with backfill material
- level with the top of the arch, 3 feet, 5 feet, 10 feet, 15 feet, and 20 feet above the top of the
arch. The analysis indicated that when the stone lining is in a stand alone condition, it is border-
line unstable and should have restraint in the area where the arch crown comes into the tangent
zone of the sidewall. This appears to be the area of the greatest eccentricity in the stress lines
for this loading condition. Two loading conditions were also analyzed whereby the soil pressure
on the exterior of the arch was increased in a passive way from the structure being able to
deform and push into the soil backfill. This showed that the structure can and will move to re-
lieve overstresses.

As the lining is loaded, both horizontally and vertically from soil backfill, it becomes
more stable and it is a very good structure and well designed for taking the soil loads that
presently exist at the two ends of the structure. Table No. 1 illustrates the maximum stress both
perpendicular to the stone and shear stress that could exist in each different arch loading condi-
tion.

TABLE 1
Loading Interior Exterior Shear
No Load 28 0 89 <1
H=0 28 120 0 13
H=0 19 0 108 <1
H=3" 28 109 5 16
H=3" 19 0 214 <1
H=5' 28 114 17 18
H=5" 19 0 282 <1
H=10' 28 127 52 22
H=10" 19 0 464 1
H=15" 28 147 79 26
H=15’ 19 0 634 2
H=20"' 28 168 116 30
H=20"' 19 0 829 2
H=20 w/P.1 28 217 60 28
H=20 w/P.1 18 0 727 9
H=20 w/P.3 28 331 0 32
H=20 w/P.3 18 0 750 11

At the west end, there are fifty-five stones with half on each side of the center-
line of the tunnel lining with the keystone being directly centered at the top. 1t was impossible to
determine geologically the exact location that the tunnel lining went from being an earth back-
filled structure to penetrating the rock formation of the hill. At this point, it will become a totally

frei standing arch not really carrying any external vertical loads except for occasional ceiling
rock falls.

One observation that was made is that in the crown of the tunnel beginning at the
west portal, the upper stones are all of uniform width similar to the shape of the stones visible at
the facade of the tunnel. At approximately 40 feet into the tunnel, the upper stones change from
being the full exposed width of about 10 inches down to a thinner stone of an estimated 5 and
1/2 inches. After this transition, there are 11 narrower stones across the crown with the center
key stone being the thinnest and shortest element of the group. This would indicate that the
larger stones were laid in an open cut method so that they could be placed from the outside
from the top down and that the smaller inner stones were placed from the inside and had to be
slid horizontally into place since the excavation of the rock is not sufficient for men to be above
the arch to place these lining stones. It is apparent that a cribbing system was used to place

these lining stones and once the full arch were in place, they were able to lower the cribbing and
allow the structure to take the loads from the vertical weight of the lining.
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The top profile of the crown of the tunnel appears to be very uniform. It is difficult
to know whether all of the lining was shored at one time and then uniformly lowered in the same
operation or whether the cribbing was removed as incremental lengths of tunnel lining were put
into place and ready to take the load.

The conclusion to be drawn is that when any repair work is done, especially at the
west portal, any over burden fill over the tunnel lining should be removed in uniform layers
keeping the load on the lining symmetrical. If all of the backfill material is to be removed from
the lining to reconstruct some of the dry laid retaining walls which will be discussed later, it
~ would be appropriate to brace the inside of the tunnel to maintain the very uniform shape of the
tunnel lining and not to take any chances on causing lateral deformations to the lining.

In determining the stresses on the individual stones, it was assumed that there
was uniform bearing across the face of the stones. When any regrouting is done to fill the voids
and to repoint the structure, it will be important for the grout to be applied in such a way as to fill
the joint voids to maintain as uniform a load transfer as possible from one stone to the next.
The least calculated load that is perpendicular or circumferential in any of the lining stones is at
the crown (keystone) and is a compressive load of approximately 3100 Ibs. per lineal foot which
indicates there is a substantial axial load holding each one of the stones in place in addition to
the significant shear stresses present in the structure.

In the crown at about Stations 0+58 and 1+03, individual stones have come out of
the lining. These are discussed in greater detail in the geotechnical portion of this report
(Attachment Il). There has had to be load transfer around these individual void areas with
higher stresses in the adjoining stones. Thus, if it is determined that stones are to be restored
to these locations, the grouting and wedging will have to be done in such a manner so as to
maintain the integrity of these replaced stones as well as the existing stones.

West Facade

The west tunnel entrance facade is described as a "Roman Revival style with a
low relief lintel supported by Doric pilasters on each side". The architectural aesthetics of the
facade are discussed elsewhere. Structurally the facade does not have the mass to stand on its
own without help from other portions of the structure. The help that the facade appears to be
receiving is significant from the frictional restraint of its bearing on the dressed stone lining. As
a result of the interlocked nature of the lining, it would provide excellent frictional support along
the joint line between lining and facade structure. In developing any of the structural conclu-
sions, certain assumptions have to be made because the exact cross section of the facade is
difficult to determine except for the visible evidence on the exterior of the structure.

2.

For determining a stability analysis, it was assumed that the end wings of the
facade are constructed in a uniform stone grid going from the top down to the bedrock. This
gives the facade an overall height from bedrock to the top of the cornice of approximately 25.5
feet. The average depth of structure was taken as five feet. The lateral load on the structure is
a function of the height and slope of the backfill. When constructed, the available information
would indicate that for the first 15 + feet from the back of the facade, the backfill was reasonably
level before rising steeply (1-1/2:1) up the hill. The assumption was made that the backfill
causes an active earth pressure of an equivalent fiuid pressure of 40 pounds per cubic foot
(pcf). The factor of safety against overturning at the outside edge of the facade is barely above
1.0 for this loading condition. Thus, the facade structure needs to be looked at as a "composite"
structure. The structure would act in a composite manner from frictional resistance between the
overlap of the blocks composing the facade and the overlap of the blocks composing the tunnel
liner. Horizontal shear stresses would exist between the facade face and the tunnel liner. The
calculations indicate that the facade is totally unstable along a line representing the joint of the
facade facing and the tunnel liner without consideration of this "frictional” help.
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As the passive soil pressure builds up, the facade will yield and move laterally
(outward) to relieve the pressure increase until the pressure is at or below the assumed active
pressure. This cycle will continue over the life of a structure or until there is too much move-
ment and failure occurs. Movement of the facade is discussed and illustrated in the following
paragraphs. However, it is noted here that the missing east facade probably failed and fell over.
The backfill at the east portal has sloughed away over the 100 plus years the facade has been
missing. However, one can draw cross-sections with a facade similar to the west facade on the
east end and see that the backfill would have risen on a slope of 2:1 almost from the back of the
facade. This would greatly increase the assumed equivalent fluid pressure from 40 pcf to 60 pcf
or higher and thus lead directly to failure. '

The front face of the facade appears to be bowl shaped. The facade does not
show evidence of any movement at the contact points with the stone arch lining and at the
foundation stones. However, the farther you get from these two fixed zones, movement of the
structure appears evident. The surveyed information along the front top of the cornice would
indicate that the upper corners of the cornice could have moved in the range from 6 to 8 inches.
It is difficult to confirm this as a fixed number because of the visible sliding and rotation of the
- top cornice stones. However, the 6 inch dimension is at the south cornice which appears to be
fairly well in place and it is believed can be taken as a representative measurement of the distor-

tion. A similar correlation can be made from the surveyed location of the back edge of the cor-
nice. See Figure 9.

It is more difficult to draw the conclusion that there is this much movement from
the surveyed location of the back edge of the second row. However, on these buried layers,
when stones are out of sight, the exactness of the quarry dimensions begins to vary when it is
not critical for the erection of the structure. Since the north corner stone of the second row is
missing on the backside, it is impossible to establish a line across the full length of the structure
for comparison as can be developed for the top cornice. The movement of the facade would
indicate that this possibly took place when the full load was on the backside of the facade. The
full load would have been on the facade when the dry laid stone walls came up to each end and
held the dirt backfill on the backside of the structure. Since there has been significant deteriora-
tion of the dry laid stone walls adjacent to the facade, there has been a major amount of backfill
material washed out with time from behind the structure which would relieve some of the soil
load pushing against the back of the facade.

Vertical profiles were taken by the surveyors on the pilasters of the west facade to
determine how much out of plumb they are. The north edge of the outside left pilaster and the
right edge of the right side pilaster are out of plumb between 3 1/2 and 4 1/2 inches. On the
pilasters adjacent to the arch, they are out of plumb between 2-1/2 and 3 inches.

There is evidence that the pilasters, particularly on the south side are horizontally
displaced with respect to the front of the rest of the structure. The pilasters, particularly the one
nearest the arch on the south side, show outward displacement of the pilaster stones inde-
pendent of the remaining facade stones. Visually, they have moved independently of the other
stones on a fairly uniform basis from the top to the bottom. This movement appears to have
been more recent, probably in the last 50 or 60 years versus the 150 plus years since the struc-
ture was erected. One explanation for this movement is that at the time the structure was
erected, dry laid stone walls were laid adjacent to the ends of both sides of the facade to an
elevation equivalent to the top of the stone arch lining. These stone walls with the adjacent
backfill would have provided lateral load against the ends of the facade. This lateral load possi-
bly would have held the structure together more tightly and would have increased the friction
forces holding the pilaster stones in place. With the deterioration of these dry-laid stone retain-
Ing walls primarily occurring since 1900 per the historic photographs, backfill material has been
eroded out with time and weather. This activity may have relieved some of the lateral load
holding the structure together very tightly. Thus, movement through root growth (root jacking)
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of plant material that from time to time has grown over the face of the structure in the joints or
through water (ice jacking) seeping into the joints and freezing, these pilaster stones have
undergone some sort of jacking force that has caused them to move independently of the
remainder of the facade.

One consideration wouid be that at the time the upper two or three layers of stone
courses are removed on the north corner of the facade to repair the dislodged side stone, it
might be possible to remove the column capitol to investigate the sequence of construction on
lower layers of the facade structure with particular interest on the pilasters. This would give the
engineers and the archeologists more information on how the structure was originally construct-
ed. Future monitoring of movement then would have more basis of understanding. A program
for reguiar monitoring of movement should be established. If measured movements of 6* verti-
cally for out of plumb or 9" for horizontal curvature are made, then further remedial measures
may need to be taken. An effort should be made not to increase lateral loads on the facade
from any of the proposed stabilization measures.

3. East Porfal Concrete Lining

The concrete lining of the east 50 feet of the east end of the stone tunnel lining
appears to be in good condition. From the test pit dug at the westerly end, at the junction
between the concrete lined portion and the dressed stone arch lining, it was determined that the
- wall is founded on the same sandstone bearing formation that supports the dressed stone lining.

It has been assumed that this concrete lining was installed in the early 1940's
- when the concrete water line was installed. However, we have not been able to document the
exact year. The approximate thickness of the concrete lining varies with 18 inches about the
minimum thickness observed. The exact details of construction of the lining are unknown. Also
the size and spacing of reinforcing steel, if any, within the concrete lining is unknown but ap-
pears to be adequate since there is no evidence of major cracking in the crown. In a structure
of this nature, it will act as a rigid structure and will support the load both in arch action and in
flexural action. The stone lining is more flexible so that small movements will be more readily
discernible as cracking in this concrete lining. On this type of structure, if there was significant
deformation of the crown, flexural cracks would appear in a longitudinal manner running down
the axis of the tunnel.

At the east portal, the rock outcrops at about 30 feet from the face of the east
portal. It is fairly safe to assume that this is the location where the tunnel excavation penetrates
into the rock formation and by the time the lining is at the 50 foot mark, the tunnel is back into
the stable sandstone formation of the hill and thus the concrete lining is no longer needed to
supplement that stable portion of the stone arch lining. The concrete lining will carry all the soil
loads as well as the weight of the stone lining at the outer end of the tunnel lining in the area of

the displaced stone and lining.

Though the concrete arch is probably reinforced, it is safer to assume that we
should keep a symmetrical loading condition on this lining and not let loading conditions get
significantly out of balance. It appears that after the dressed stone facade on the east end
either was removed on purpose or failed (fell over) because of the soil load on the backside that
this weakened the support structure for the arch. Soil erosion on the north side of the tunnel
has been more severe than on the south side. Thus, an unbalance of the loading by just a
small amount, say one or two vertical feet can significantly exaggerate the horizontal thrust of
one side of the arch on to the lesser loaded side and can cause the horizontal translation of the
arch and ultimately lead to failure of the stone lining. Soil cover of 2-1/2 to 3 feet should be rein-
troduced around the east portal structure to primarily act as an insulation blanket against re-
peated freeze thaw cycles which can tend to loosen and jack the lining stones around with
respect to the concrete lining.
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4, Dry Laid Retaining Walls

The dry laid retaining walls adjacent to both the east and west facades appear to
have been properly designed. The large wall adjacent to the east facade has a measurable top
thickness of approximately 5 feet at the highest point. In using the surveyed information, it is
possible to approximate the front batter on the retaining wall. The minimum batter is about 1:8
with it increasing in some areas to as steep as 1:4.

Assuming a 1:8 batter on the backside, a dry laid wall of this configuration could be
laid to a height of approximately 15 feet. To go higher than 15 feet would require increasing the
dimension of the base.

At the east portal, the 8.5 feet of infill adjacent to the dressed stone arch lining has
been added after the removal or failure of the east facade, at some point prior to 1890, based
on the evidence from the historic photographs that are of record. There is no evidence of how
extensive the dry laid stone wall would have been on the south side of the east portal. There is
limited remnants of some stone wall at this location but not nearly as extensive as on the north
side of this facade.

At the west portal, the evidence indicates that the dry laid stone walls approximat-
ed the top elevation of the arch based on views from the historic photographs. It is possible that
it took a lot of time for fine grained material to be washed into these walls since they stood for a
long period of time before failing. Once the fine particles filled the voids, frost action could have
led to the dislodging of stones. With time and the increased runoff of water around the ends of
the facade, erosion has taken its toll and has caused considerable deterioration in the dry laid
walls immediately adjacent to the facade. It is also possible that some vandalism has taken
place in these areas or that the rocks that fell have been incorporated into backfilling the area in
front of the west portal.

In the historic photographs, evidence of the east wall of the Inclined Plane No. 1
one engine house Iis evident which would indicate a fairly large sized hole in the ground that has
~ been filled over time with the construction of water lines, etc. in the area. The existing grade is
1 to 2 feet higher than the grade at the time the Allegheny Portage Railroad was in operation.

It appears that some reconstruction of the dry laid stone walls immediately adja-
cent to the facade is needed to help stabilize the erosion around the facade. Care will have to
be taken during the time ot excavation for the reconstruction of these stone walls along with an
underdrain system to protect the main arch lining of the tunnel. A free draining imported granu-
lar backfill should be used in backfilling these stone walls to reduce the horizontal load buildup
from the silts and sediments that will be washed down the hill from higher up the slope.
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. V. RECOMMENDATIONS AND COST ESTIMATE
A. East Portal

Stone Arch

The existing stone arch has been deformed due to unsymmetrical loading
pressure and would not be stable without additional support. The individual stones are intact
and sound. Pointing on the face joints is in good condition, although some cracks exist between
the stone and concrete lining. All joints exposed to the earth need repointing.

2. Concrete Lining

The non-historic concrete lining is poured adjacent to the stone and conforms
to dislodged stone. This lining provides structural support for the stone arch. Removal of this
concrete lining is not recommended due to potential damage to the historic stone and it repre-
sents an example of a technological change.

3. New Retaining Wall

A new retaining wall is required to provide for proper site drainage, to prevent
continued sloughing, for stabilization of the east portal and to provide sufficient earth cover over
the (now exposed) historic arch stones.

1.

The retaining wall will also provide a setting for the stone arch and will provide

a more complete picture of the relationship of the facade element. For example, the dry laid

- wall at the north side of the entry represents a non-historic condition, dry laid retaining walls

were never in that location and never would have been adjacent to the arch lining. The new
retaining wall can be a variety of shapes and materials.

The basic requ:rements are:
a. Provide minimum cover of 30" at the crown to alleviate freeze/thaw dete—

rioration.

b. The wall needs to be the historic width to provide sufficient retainage.

¢. Materials should reflect non-historic materials and should not compete
with the historic fabric.

Three design alternatives have been provided:

a. Elevation | Option - A stepped concrete form of historic width and of a
variable height which aliows for minimum earth cover above the stone
arch and provides a simple, modern image without excessive detail.

b. Elevation Il Option - Concrete retaining wall of historic dimensions with
formed reveals which "ghost" historic proportions.

c. Elevation lll Option - Concrete retaining wall of historic dimensions, plain
facade.

Other Considerations:

a. Signhage indicating the portal and date should be included.

b. The concrete shouid be sandblasted to help it to blend into the natural
setting.
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4. Historic Column Base

The remnant of the historic column base supports the conclusion that the East
Facade had a stone facade similar to the West Facade. This remnant should be preserved and
incorporated into the required retaining wall. The remnant should be located in its historic posi-
tion. Portions of the historic base not visible due to adjacent grade would be removed to allow
for the new retaining wall footing placed on bedrock. ﬁ

5. Stone Retaining Walls

Existing dry laid walls should be preserved and stabilized. If additional retain-
age is required at the historic walls, they should be constructed of similar methods and stone.

The existing stone has a black patina. New stones should be of the same cut,
size, shape and material, but should have a natural finish and be allowed to gain patina natural-

ly.

Where new stone retaining walls are required, they will have a concrete struc-
tural support and a stone veneer.

6. Yegetation/Drainage

Vegetation and drainage shall be treated as recommended in the Civil and
Geotechnical sections.

/7. Entry Gate

The existing concrete block and steel doors should be removed. The new infill
material should be non-dimensional and non-structural in appearance.

Three options are described:

Options A & B - Solid, opaque infill and doors which provide security and cold
weather protection. Steel plate wall and doors are recommended.

Qption C - Open bars which provide visual access but prohibit entry and
control animals. A painted steel tube frame is recommended. The grill will follow the contour of
the arch and when viewed from a distance, the shape of the arch will be visible.

Since the open grill will not provide protection from the cold, a removable
insulated wall will have to be installed during the winter. The insulated wall should be panelized
to facilitate removal and storage and should be as lightweight as possible.

An alternative to the removable insulated wall may be the use of a non-
reflective "lexan” plastic, permanently attached to the grill.

Regardless of which option is installed, the new door and infill should be set
back from the stone entry to allow a more accurate picture of the tunnel appearance. Setback

should be a minimum of 3-0" (to allow a visitor to stand within the tunnel). The setback should
not exceed a depth of 10’-0". |

B. WestPortal
1. Stone Facade and Stone Arch

| Recommendations for the historic West Facade are directed towards its
préservation and structural stability. Control of drainage and soil pressure are the primary

concerns along with resetting displaced facade stones. The control of drainage and soil pres-
sure will be discussed in Section [V-B-2.
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The dislodged parapet stones should be marked as to location and removed
to allow for reinstallation of lost and rotated stones. Historic setting methods and construction
should be carefully documented during disassembly. Samples of historic mortar remnants
should be saved and evaluated. Evidence of pinning or other methods of connection should be
examined. The disassembly process and exposed conditions should be fully documented by
photographs and field sketches for a permanent record.

After all of the stones necessary for reconstruction are removed, the historic
stones should be laid to their historic iocations. Means of setting the stones will be determined
by the results of information gained during disassembly.

If mortar is used to set the stones, it shall be compatible with the adjacent
masonry system in strength, texture and color. All reinforcement shall be stainless steel.
Mortar joints shall be the same size as historic joints.

The historic parapet stones (with broken edges) are to remain.

Pointing on the face joints of the facade and stone lining are generally in good
condition. However, limited pointing will be required where there are cracks or missing mortar.

The joints of the parapet stones (horizontal and vertical) should be either
pointed or filled with sealant with a fine sand pressed into the sealant.

The black staining of the stdne is quite old and does not appear to be damag-
ing the stone. It is not recommended to clean off the stain at this time. The staining should be
monitored to determine if it is deleterious to the stone.

Historic graffiti and graffiti carved into the stone shall remain. Painted graffiti
should be removed after sample methods of cleaning have been evaluated to determine impact
on stone and final appearance of the "cleaned” area versus areas not cleaned. The entire
tacade should not have a general cleaning.

As described in the structural analysis, the facade walls are out of plumb in
both a vertical and horizontal plane and the column stones have been displaced from the rest of
the stone face. Since it is not possible to determine when this movement occurred, it is recom-
mended that a system be installed to allow for monitoring. Monitoring should occur on a semi-
annual basis for the first two years and annually thereatfter.

2. Betaining Walls

It is recommended that new retaining walls shall be provided only as neces-
sary to control drainage and soil pressure, prevent further erosion and to allow for the exposure
of the north and south column bases. |

The new retaining walls shall not increase soil pressure on the facade (which
would happen if the retaining walls were built to their historic height). Retaining walls will have
to be provided on both the north and south sides. Retaining walls will be constructed as de-
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